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We report on the study of a magnetic dislocation in pure chromium. Coherent x-ray diffraction
profiles obtained on the incommensurate Spin Density Wave (SDW) reflection are consistent with
the presence of a dislocation of the magnetic order, embedded at a few micrometers from the surface
of the sample. Beyond the specific case of magnetic dislocations in chromium, this work may open
up a new method for the study of magnetic defects embedded in the bulk.
PACS numbers:
INTRODUCTION
Topological defects such as dislocations play an impor-
tant role in the physics of condensed matter [1]. They
are easily observed by transmission electron diffraction
or x-ray topography. Purely electronic orderings such
as Charge Density Waves (CDW) may also display their
own defects. While these electronic dislocations were pre-
dicted 30 years ago [2, 3, 4, 5, 6], only a few experiments
have observed such defects. Discommensurations have
been reported by using dark field electron microscopy in
2D systems like 2h-TaSe2 [7] and CDW dislocations have
been seen by STM [8] on a surface. CDW dislocations
embedded a few micrometers from the surface were re-
cently observed by using coherent x-ray diffraction [9].
In magnetic systems, several techniques exist to im-
age domains. For example, optical methods based on the
Kerr effect [10], soft x-ray techniques based on imaging
the photoelectrons, atomic force microscopy and spin po-
larized STM. In chromium, for example, spin polarized
STM measurements have shown that screw dislocations
are visible at the Cr(001) surface, leading to the forma-
tion of magnetic domains [11]. All these techniques are
limited to surface studies or to the first tenth atomic lay-
ers.
Neutrons and magnetic x-ray diffraction remain the
two prime techniques to probe bulk magnetic long range
order. However, standard x-ray or neutron scattering ex-
periments are based on a space averaging from which it is
difficult to obtain precise information about dislocations.
This can be overcome by illuminating the sample with a
coherent beam of x-rays. Recent experiments using co-
herent soft x-rays (770-780 eV) showed that it is possible
to track local reversal processes in magnetic nanostruc-
tures [12]. However, due to the high absorption of soft
x-rays, only the surface of the sample was probed. In this
paper we show that magnetic defects, embedded several
micrometers in the bulk, can be probed by non-resonant
coherent x-ray diffraction at a higher energy (∼ 6 keV).
SPIN VERSUS CHARGE DENSITY WAVES
Charge and spin density wave in quasi 1D systems
While charge and spin density waves present some sim-
ilarities, their physical properties are very different. The
former is a spatial modulation of the charge density with
no resultant magnetization, whereas the latter is a spatial
modulation of the spin density, with a constant charge
density. However, surface nesting plays a fundamental
role both for the formation of a CDW and a SDW. Pe-
riodic lattice distortions are responsible for the forma-
tion of CDWs, whereas SDWs arise as a consequence
of electron-electron interactions. But in both cases, the
electronic energy is lowered by a gap opening in the dis-
persion curve at the Fermi wave vector ±kF . This theory
has been developed for quasi-one-dimensional systems,
but more generally, can be applied to any system dis-
playing Fermi surface nesting.
In the case of CDWs, an electron-phonon interaction
is responsible for the so-called Peierls lattice distortion,
which induces a modulation of the charge density ρ(x) in
the crystal:
ρ(x) = n0 +
2∆
Λ
cos(2kFx+ φ),
where n0 is the average electron density and Λ a con-
stant that expresses the coupling strength between the
lattice and the electrons. The interaction couples states
at the Fermi surface separated by the nesting wave vector
q=±2kF as expressed in the electron-hole polarisability
[13, 14]:
χ(q) =
∑
k
< nk+q > − < nk >
εk − εk+q ,
where nk is the occupation number of the state k. The
cost in terms of energy of the distortion is always less sig-
nificant than the gain of electronic energy below a certain
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2temperature in a one-dimensional system. A gap opens
at the Fermi level, and the crystal undergoes a metal-
insulator transition. The order parameter ∆ is directly
given by the amplitude of the lattice distortion and the
Peierls temperature TP is given by the universal BCS
ratio:
∆(0)
kBTP
= 1.76
where ∆(0) is the value of the gap at T = 0K.
In the case of SDWs, the electron-electron interaction
drives the instability. An electron and a hole separated by
the nesting wave vector are coupled, and it can be shown
that a SDW develops below a certain temperature in a
one-dimensional system. Although no electron-phonon
interaction occurs, contrary to the case of CDW, the po-
larisability takes the same expression as the one found
in a CDW system. Moreover, the transition temperature
is given by the same BCS ratio, and the same explana-
tion of the instability with the nesting properties of the
Fermi surface can be developed. The relationship be-
tween CDWs and SDWs becomes obvious when one con-
siders the superposition of two in-phase or out-of-phase
spin-polarized CDWs with opposite spins:
ρ↑(z) = ρ0
[
1 +
∆
VF kFΛ
cos (2kF z)
]
ρ↓(z) = ρ0
[
1 +
∆
VF kFΛ
cos (2kF z + φ′)
]
where VF is the Fermi velocity and Λ the constant
containing the electron-electron coupling. Taking a
phase φ′ = 0 leads to the formation of a CDW and
φ′ = pi describes a SDW. Intermediate φ′ values can be
found in some compounds, leading to a mixed CDW and
SDW state [15].
SDW and CDW in chromium
The case of chromium is quite unusual. Despite the
absence of a one-dimensional structure, the Fermi sur-
face exhibits a nesting property along the ¡100¿ direc-
tions (the calculated Fermi surface of chromium can be
found in [16]). The Fermi surface consists of an electron
pocket and two slightly larger hole octahedrons, and is
shown schematically in figure 1. The imperfect nesting
between electron and hole pockets (attractive electron-
hole interaction) gives rise to an incommensurate SDW
in chromium. Note that theoretical work [17] shows that
the SDW wave vector is not obtained exactly at the geo-
metrical nesting vector ~Q, because the nesting is actually
maximized for a slightly different wave vector ~qs (see fig-
ure 1). This effect leads to the existence of particular
magnetic excitations in chromium, termed wavons [18],
and will be mentioned later.
In diffraction experiments, magnetic satellites are ob-
served at ~qs = (0 0 1 ± δ) in reciprocal space (see fig-
ure 2b). A CDW is also present in chromium giving
rise to additional reflections at 2~qs from bragg reflec-
tions [19, 20]. More generally, several harmonics are vis-
ible. The odd harmonics are magnetic, whereas the even
harmonics are charge components. The physical origin
of this CDW is still controversal. At least two theories
justify the appearance of these reflections [21]. The the-
ory developped by Young and Sokoloff [22] is based on
a 3 band calculation. In their approach, the existence
of a second harmonic is due to the possible nesting be-
tween the two hole pockets (repulsive hole-hole interac-
tion) leading to the CDW. This theory, based on nesting
properties up to the second harmonic, explains the first
order character of the magnetic transition [22].
In another approach, the 2~qs reflection was interpreted
in [19] as due to the magnetostriction property of
chromium, that couples strain to SDW. It was also shown
that the spin flip transition at 123K could originate from
strain effects [23].
FIG. 1: Schematic Fermi surface section and nesting along one
reciprocal direction. The grey region is an electron pocket, the
white regions closed by solid lines are hole pockets. The SDW
instability at 2pi
a
(1± δ) and the CDW instability at 2pi
a
(±2δ)
are displayed. Dashed dot lines and dotted lines are the hole
pockets translated by ~Q or ~qs respectively (see text).
Magnetic ordering in chromium
After years of intense research, the magnetic structure
of chromium is now well understood [24]. The magnetic
order in chromium [25] can be described by the super-
position of two waves on a host body-centered lattice
[26]: the antiferromagnetic (AF) order doubles the pe-
riodicity along the [111] direction, with a wave-vector
~qa = (111), whereas the SDW develops along ¡100¿ direc-
tions, with a wave vector close to commensurability[44].
In general single-Q domains along any ¡100¿ direction
are found in chromium but it is possible to grow single-
Q single-domain samples, having a unidirectional SDW
wave vector in the whole sample. The sample used was
3FIG. 2: a) Transverse SDW in chromium (real space) with
SDW vector along [001]. For clarity, the SDW periodicity has
been reduced to 7 cells instead of around 22. b) corresponding
(100) scattering plane in the reciprocal space with magnetic
satellites reflections at ~qs = (0 0 1−δ) with δ = 0.047 r.l.u. at
T=140K. At ~qs, the horizontal axis of the CCD camera cuts
the (100) plane along t∗ (dashed line).
single-Q single-domain along the [001] direction because
of the [001] orientation of the sample’s surface [28], with
~qs = (0 0 1 ± δ) and δ ≈ 0.047 reciprocal lattice units
(r.l.u.) at 140K (see figure 2.a). The absence of (±δ 0 1)
and (0 ± δ 1) satellite reflections was checked during the
experiment. From the position of the magnetic reflec-
tion in reciprocal space, the spatially dependent magnetic
modulation can be written as:
~µ(~r) = ~µM cos(~qs · ~r + φ(~r)), (1)
where φ is a phase, dependent on the position ~r. After
expansion of this cosine function, and taking into account
the atomic structure of chromium, the two contributions
of the magnetic modulation can be separated, and ~µ(~r)
takes the form:
~µ(~r) ∝ cos(~qa · ~r + φa(~r))× cos(2piδ · z + φs(~r)), (2)
where φa(~r) and φs(~r) are the antiferromagnetic and
SDW phases respectively. The first cosine function
describes the commensurate antiferromagnetism found
along the [111] direction and the second one the SDW
modulation along the [001] direction. This notation in-
volving two uncoupled modulations is convenient to sepa-
rate the spatially dependent phases φa and φs considered
later in this paper. Their spatial dependence will be used
to describe a magnetic dislocation.
EXPERIMENT
By tuning the incident x-rays to below the K-edge of
Cr (5.989 keV) [29], a favorable condition for coherent x-
ray diffraction experiments can be found. At this energy,
it is possible to observe the magnetic satellites by non
resonant magnetic scattering and to achieve a relatively
large transverse coherence length.
In this section, we will describe both non-resonant
magnetic scattering and coherent x-ray scattering before
introducing the experimental setup.
Coherent x-ray diffraction: longitudinal and
transverse coherence length
In coherent diffraction experiments, one has to take
into account both the longitudinal and the transverse
coherence lengths (ξL and ξt respectively) of the x-ray
beam. The longitudinal coherence length ξL is governed
by the bandpass of the monochromator and by the wave-
length λ of the incident beam as:
ξL =
λ2
2∆λ
In our case, E = 5.9 keV (λ = 2.1 A˚) and ∆λλ ≈ 10−4.
This leads to a longitudinal coherence length ξL = 1.05
µm. Taking into account the large penetration depth of
the x-ray beam 100 eV below the K-edge of chromium
(µ−1 = 20 µm), the path length difference calculated
for the SDW scattering angle (θSDW = 20.36o) gives:
2µ−1 sin2 θ = 4.8 µm. It is more than four times as big as
ξL so a weak visibility is expected along the longitudinal
direction.
Optical aberrations, and more precisely the quality of
the surface of the x-ray mirrors, are the main reason for
a decrease of the transverse coherence length. More pre-
cisely, the low and high frequencies of a reflecting sur-
face (slope errors and roughness respectively) alter the
transverse coherence quality in quite a different ways. If
the roughness of a mirror is described by a gaussian dis-
tribution with a standard deviation σ, its contribution
will attenuate the whole diffraction pattern by a factor
exp [−(4pi sinα)2(σ/λ)2] where α is the grazing incident
angle on the mirror. Similar to a Debye Waller factor,
this contribution only attenuates the global profile of the
diffraction pattern. Unlike visible light, x-rays are thus
more sensitive to surface roughness but this attenuation
remains limited because of the small α value and the
fact that the wavelength (λ = 2.1 A˚) is of the same order
4of magnitude than typical surface roughness of modern
mirrors.
On the other hand, slope errors of the mirror may
induce dramatic effects on the coherent diffraction pat-
terns. Interferences may occur between those correlations
and those of the sample which are difficult to evaluate.
In the worse case, if one considers that the transverse
degree of coherence is zero at the exit of the optical part
of the beamline, because of optical aberrations, the trans-
verse coherence length ξt can be written as:
ξt =
λ
2
R
S
, (3)
where R is the optics-sample distance and S the sec-
ondary source aperture. In our experiment, this leads
to ξt ≈ 5 µm in the vertical direction and 2 µm in
the horizontal direction. As a preliminary test of the
FIG. 3: (Color online) Interference fringes obtained at 8keV
(Log scale). Pinholes are closed at 2µm×2µm and the 22µm-
pixel-size CCD camera is located 2,22m downstream. A diag-
onaly placed absorbing wire has been used across the direct
beam to protect the camera. Cross terms are also visible.
transverse coherence length, we have measured the
diffraction pattern of 2µm × 2µm square slits using
an 8keV beam (figure 3). This ’pinhole’, located
22cm upstream the sample position, was made by two
perpendicular sets of tungsten blades. The x-rays were
detected by a CCD camera cooled to −50oC, positioned
2.2m downstream of the slits. The pixel size of the CCD
was 22µm × 22µm which gave a resolution in reciprocal
space of ∆q = 0.56 · 10−4 A˚−1 in the radial direction.
The regularity and high contrast of the fringes[45] give
evidence of the large transverse coherence length.
Non-resonant x-ray magnetic diffraction
Non-resonant magnetic scattering is highly sensitive to
the incident x-ray polarization and can result in full or
partial rotation of the scatttered x-rays’ polarization. We
can consider the incident x-ray to be either σ or pi po-
larized, corresponding to the case where the electric field
vector of the x-ray is perpendicular or parallel to the scat-
tering plane respectively. Likewise, the scattered x-ray
can be σ′ or pi′ polarized. The resulting polarization is
dependent on both the orbital angular momentumL and
the spin components Sx, Sy and Sz [31]. Non-resonant
scattering has been previously used to study Cr at an
incident energy 100 eV below the Cr K-edge [29, 32].
In our case, the incident beam is pi polarized in the
horizontal diffraction plane (see figure 4). Since no po-
larization analysis of the scattered beam is performed,
the magnetic scattering amplitude is the sum of the two
piσ′ and pipi′ scattering contributions, Mpiσ′ and Mpipi′ re-
spectively:
A(θ) = −i h¯ω
mc2
r0 (Mpipi′ +Mpiσ′)
= −i h¯ω
mc2
r0
(
Sy sin 2θ − 2Sx sin2 θ cos θ
)
where h¯ω is the incident photon energy, r0 the classical
electron radius, m the mass of the electron and c the light
velocity. There is no contribution of L and Sz in this
expression because L = 0 in chromium (experimentally
shown in [32]), and we worked in the transverse polariza-
tion regime for which Sz = 0.
Experimental setup
The high-quality single crystal had a truncated pyra-
midal shape with a square base of 36mm2, a top square
platform of 2.25mm2 and was about 1.5mm high (see
figure 4). Though the SDW is already present at room
temperature, the sample was cooled to 140K to reach the
maximum of the intensity of the magnetic reflection [24].
A top-loading He flow cryostat was used, with a tem-
perature stability of 1mK. The experiments were car-
ried out at the European Synchrotron Radiation Facility
(ESRF), at the magnetic scattering beamline ID20 [33].
The first harmonic of two undulators (U32 and U35) was
used and a Si(111) monochromator provided a monochro-
matic beam of x-rays at 5.9keV. This energy was chosen
to eliminate fluorescence from the sample. At this energy,
only a few reflections were available because of the small
lattice parameter (a = 2.88A˚). The direct beam was
found to be limited with a Full Width at Half Maximum
(FWHM) no larger than 1 pixel of the 22µm-pixel-size
CCD camera. Indeed, the beam was weekly divergent
because we were not fully in the Fraunhofer regime [34].
The ~qs = (0 0 1 − δ) magnetic satellite (θs = 20.36o)
5was measured along with the (002) fundamental reflec-
tion (θ002=46.8o) in reflection geometry.
FIG. 4: (Color online) a) Experimental setup. Φ is the az-
imuth angle, α is the angle between the CCD camera and the
[00L] direction in reciprocal space. σ and pi polarizations are
displayed; b) Projection of the beam on the surface of the
sample. µ−1 = 20µm is the penetration depth, θ the incident
angle of the beam, and L is the beam size.
Although the (002) wave vector was almost parallel to
the polarization of the incident beam (2θ002 close to 90o),
the (002) reflection was intense (≈2.5 · 109 cts/s).
The major difficulty in this experiment was dealing
with the weak intensity of the ~qs magnetic satellite. The
non-resonant magnetic scattering cross-section is intrin-
sically weak, and this was exacerbated by the need for a
high degree of coherence which imposed pinhole sizes of
a few microns, leading to a major loss of intensity. More-
over, the value of the azimuth Φ (see figure 4) was not
controlled inside the cryostat, and thus not optimized
to have the maximum of the intensity [32]. However,
all this was partially compensated by the fact that the
sample displayed a single SDW domain, that the beam-
line provided a highly brilliant beam (two undulators are
used in series [33]), and that the pinholes were opened at
twice the value generally used in coherence experiments
(generally 10µm at λ=1.54A˚). This last point allowed us
to gain a factor 4 on the intensity keeping a good total
transverse coherence length thanks to the large wave-
length used here (see eq.3). With this experiment setup,
we obtain an acceptable degree of coherence (β = 18.5%
as defined in [35]). We finally obtained approximately 0.7
cts/s on the ~qs satellite reflection. All diffraction patterns
shown in this paper are the sum of 180 10s-acquisition
and are obtained after treatment [36].
At the magnetic reflection, the vertical axis of the CCD
camera corresponds to the [H00] axis in reciprocal space,
and the horizontal one makes a 20o angle with the [00L]
radial direction (see figures 2.b. and 4.a.). This last di-
rection will be called ~t∗ in the following. A slight contri-
bution of the [0K0] axis is thus present on the horizontal
direction of the CCD.
RESULTS - SDW PROFILES
FIG. 5: (Color online) Magnetic reflection observed at T =
130K at four beam positions aligned along the y-axis with
20µm steps. The horizontal axis corresponds to the ~t∗ di-
rection defined in the text. The vertical axis corresponds to
the [H00] direction. The 3D plots on the right hand side are
continuous extrapolations of corresponding pixelated images
on the left hand side.
For most beam positions, the magnetic reflection dis-
plays a single peak as in figure 5.a. The peak is elongated
along ~t∗, with a FWHM spreading over 6 pixels in that di-
rection, corresponding to a real space size of 3µm, which
has been estimated from simulations. In fact, the width
of the satellite along this radial direction is driven by the
penetration length perpendicular to the sample surface:
1
2µ
−1 sin θ ≈ 3.5µm [37] (see figure 4.b.). Thus, the ob-
served broadening along ~t∗ is due only to the finite x-ray
6penetration. We therefore conclude that the diffraction
pattern corresponds to a single magnetic domain.
When the beam is moved 20µm away on the sample’s sur-
face along the y-axis, the reflection continuously splits
and takes an asymetric shape (figure 5.c). When the
beam is moved again by 20µm, the magnetic reflection
is split into two parts having almost the same intensity
and same width. Each part of the split reflection has the
same width as the single magnetic reflection in figure 5.a
(see also the corresponding profiles in figure 7).
INTERPRETATION
Those pictures are very different from speckle patterns
due to any disorder observed by coherent x-ray diffraction
at wide angles (see for example [38]). The two speckles
observed along the horizontal axis in figure 5.d can not
be due to two magnetic domains having different orienta-
tions because this axis of the camera cuts the reciprocal
lattice mainly along the radial direction. The presence
of several magnetic domains having different orientations
would give rise to multiple peaks in the transverse direc-
tion.
It cannot be explained either by the presence of two do-
mains in the radial direction, with slightly different wave
vectors ~qs, because the two spots on figure 5.d would be
twice as broad as the single peak of figure 5.a. To our
point of view, this diffraction pattern is consistent with
a phase shift of the magnetic modulation.
As in CDW systems [9], the SDW is defined by an
unidimensional wave vector. In chromium however, the
situation is slightly more complicated because the SDW
is coupled with a non-parallel AF modulation. There are
thus two ways to describe the same phase shift of the
magnetic order of chromium, either with respect to the
SDW or the AF order, considering φs(~r) or φa(~r) respec-
tively (see equation 2). For example, a pure screw dis-
location of the SDW corresponds to a mixed dislocation
(between a screw and an edge) of the AF modulation.
In the following, we will consider only spatial variations
of φs(~r) to describe any dislocation of the magnetic or-
der in chromium. As an example, an edge dislocation
whose line is along the x-axis is built first by introducing
a ∆φs = pi phase shift between the y > y0 and y < y0
half-planes, and then connecting the wave fronts with the
continuous function arctg
(
z−z0
y−y0
√
Ky
Kz
)
[39]. Ky and Kz
are the SDW force constants along y and z respectively,
and (y0,z0) determines the position of the dislocation line
in the volume. Three parameters are necessary to deter-
mine the topology of the defect: the SDW force constants
ratio
√
Ky
Kz
, and the cartesian coordinates of the position
of the dislocation line (y0,z0).
SIMULATIONS
Simulations have been carried out in order to repro-
duce the observed diffraction patterns, taking into ac-
count the [111] AF and the [001] SDW modulation of
chromium. The simulation box was taken cubic (L×L×
L) with L = 60 cells. L has been chosen large enough in
such a way that truncation effects do not influence the
shape of diffraction patterns. The widths and intensities
of the simulated reflections have been rescaled to fit the
experimental data. Note that a change in the volume
dimension L only modifies the widths of the reflections
but not their profile, which justifies this rescaling.
In general, the force constants of density waves can
be obtained from dispersion curves measured by inelas-
tic x-ray [40] or neutron scattering. In chromium, the
longitudinal dispersion curve has been measured in [41]
but as far as we know, no measurement has been carried
out along the transverse direction. The relaxation around
any phase shift is thus unknown a priori. One of purpose
of this work is to show that the ratio
√
Ky
Kz
can be esti-
mated from the shape of the diffraction pattern. Indeed,
in an isotropic case (Ky = Kz), the presence of a dislo-
cation and the relaxation around it has a huge impact on
the shape of a reflection, as shown on figure 6.a: it splits
into four parts in the plane perpendicular to the dislo-
cation line. When the force constants are anisotropic,
strong variations are induced on the distribution of in-
tensity around the magnetic reflection. Such a change
in the force constants ratio favours one direction for the
splitting, keeping the centro-symmetry of the image (fig-
ures 6.b and c).
The other relevant parameter is the position of the
dislocation line in the probed volume. If the dislocation
line is in the center of the volume, the two spots of a split
reflection have the same intensity. If it is moved from the
center, the centro-symmetry of the intensity distribution
is broken: the two spots no longer have equal intensities.
During the experiment, the beam was moved by steps
of 20µm, corresponding to the beam size. The depen-
dence of the diffraction patterns versus the beam posi-
ton along y has been a strong constraint which signifi-
cantly reduced the number of possible solutions. In this
work, we considered the cases of an edge, a screw and a
mixed dislocation. Among every tested solutions, an edge
dislocation whose line develops along the x-axis, with√
Ky
Kz
= 7 reproduces the most correctly the observed
splitting in figure 5.d. Such a dislocation induces a split-
ting along the [0K0] and [00L] directions. A split satellite
is observed (see figure 7.d) because the CCD camera cuts
the reciprocal lattice along ~t∗, which is a combination of
these two directions. The symmetric splitting is well re-
produced when the dislocation line is located very close
to the middle of the probed volume in agreement with
figure 5d.
7FIG. 6: (Color online) Effect of the SDW force constants on
the shape of the reflection in reciprocal space. On the left
hand side, a dislocation of the SDW in chromium is repre-
sented in real space (the represented SDW has a periodicity
11 instead of 22), and on the right hand side, the associated
magnetic reflection is shown. Each atom in real space is repre-
sented by a dot and the color range is related to the amplitude
of the magnetic moments. a) Isotropic case
√
Ky
Kz
= 1: the
reflection in reciprocal space is characterized by four maxima
in the plane perpendicular to the direction of the disloca-
tion line. b)
√
Ky
Kz
= 1/50 ; c)
√
Ky
Kz
= 50. We can clearly
see from b) and c) that anisotropic force constants favor one
unique direction for the splitting.
The continuous disappearance of the splitting as the
beam moves along y (5.c and 5.b) can be well simulated
by shifting the dislocation line from the center of the vol-
ume (7.c and 7.b): the three images shown in figure 5.b,
5.c and 5.d can be well fitted with a dislocation line posi-
tionned at different values along the y-axis (see figures 7b,
7c and 7d). The splitting disappears when the disloca-
tion line is too far from the center (figure 7a).
The best fit was obtained by successive translations of
18µm (taking into account the scale factor correspond-
ing to the simulation box size L=60), which is in good
agreement with the experimental value of 20µm.
A SDW screw dislocation developing along the same
axis with the same force constant ratio can also be fitted
well with our measurements. It is interesting to note here
FIG. 7: (Color online) On the right hand side are displayed
the experimental profiles (black squares) through the mag-
netic reflection along ~t∗, for several beam positions along the
y-axis. Those profiles correspond to a slide of the 2D pat-
terns in figure 5. Simulated profiles along the same direction
are displayed with continuous lines. They correspond to the
real space configuration displayed in the (100) plane on the
left hand side. a) Magnetic order in chromium without defect
which leads to a single magnetic reflection; b)c)d) Same mag-
netic order containing an edge dislocation (the dislocation line
is shown by a white dot), with
√
Ky
Kz
= 7. The splitting of
the magnetic reflection becomes more and more symmetric as
the dislocation line is moved towards the center of the probed
volume.
that the direction of the dislocation line affects the shape
of the pattern more than the nature of the defect does.
Our measurements do not allow to discriminate between
an edge or a screw dislocation.
8DISCUSSION
Several diffraction patterns have been obtained for
different beam positions along the y-axis. They are
consistent with the presence of a single magnetic dislo-
cation embedded at few micrometers from the surface.
Such a phase shift of the SDW can reproduce the main
features of the observed data: 1) the same width for
the two peaks of the split magnetic reflection, which
is also the same width as the single reflection, and 2)
the continuous splitting of the magnetic reflection as
respect to the beam position, mainly along the radial
direction. However, the intensity of the split reflection
on figure 7.d is smaller than what we expect. Besides,
the reflection on this image is not exactly at the same
angle as the others, which suggests that the SDW wave
fronts are slightly distorted in the close vicinity of the
dislocation line. We insist on the fact that mosaicity
of the magnetic order or the presence of domains with
different wave vectors can not explain these features.
It has been shown that coherent x-ray diffraction allows
to measure strain fields induced by the presence of
individual dislocations [42]. We show in this paper that
another powerful feature of these measurements is that
they allow to extract a value for the SDW force constants
ratio. Comparison with CDW systems is interesting.
In quasi-1D systems, the CDW is stiffer parallel to the
CDW wave vector. Therefore, in such compounds as
blue bronze, the diffraction pattern in presence of a
dislocation presents a splitting perpendicularly to the
chains axis b∗ [9]. Our measurements show that in
chromium the splitting appears along the SDW wave
vector. This is why the force constants ratio found in
our simulations for chromium
√
Ky
Kz
= 7 is inverse than
in blue bronze (∼ 1/10). Inelastic neutron scattering
experiments confirmed the value for blue bronze CDW
in [43]. Such measurements have not been carried out on
the SDW of chromium. However, many differences be-
tween chromium and blue bronze exist and could explain
the difference concerning the force constants ratio. The
first difference concerns the atomic structure of the two
compounds: chromium has a 3D isotropic structure and
its SDW, originating from delocalized electrons, is very
different from the strongly lattice-coupled CDW found in
quasi-1D systems. Moreover, magnetic interactions are
involved in chromium and not in CDW systems. Besides,
chromium develops additional magnetic excitations, and
these so-called wavons also induce a slight anisotropy in
the SDW dispersion curve as predicted theoretically in
[18]. This theoretical prediction gives a force constant
ratio that is less significant (
√
Ky
Kz
∼ 2) than the
estimations given by the presence of a dislocation in our
work. But in both cases, the SDW is found to be stiffer
in the transverse direction than in the radial one. In all
the cases, other experiments are needed to confirm and
explain the magnetic force constants in chromium.
A SDW screw dislocation perpendicular to the (001)
surface observed by spin-polarized STM technique has
already been reported in [11]. It is important to note
that the dislocation found in our work is very different
from that screw dislocation. In their case, the screw
dislocation was induced by a step at the surface.
CONCLUSION
To conclude, we show in this paper that it is possible
to probe a magnetic defect embeded in the bulk using co-
herent non-resonant magnetic scattering. Our data are
consistent with a magnetic dislocation, and the estimated
SDW force constants are found to be anisotropic. The
value found for the force constants ratio goes in the same
way as the one predicted theoretically in [18]. Beyond the
case of chromium, this work shows that coherent diffrac-
tion combined with magnetic scatering may be applied
to the study of bulk magnetic phase defects.
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